Abstract. The effects of a range of pasture management options (introduced legumes and grasses, superphosphate, timber treatment, cultivation before sowing and stocking rate) on the basal cover of perennial grasses were measured from 1982 to 1991 at two sites, 'Hillgrove' and 'Cardigan', near Charters Towers, in north-east Queensland. Colonisation and survival of eight native and exotic grasses were followed in permanent quadrats in a subset of treatments. Overall, there were significant changes in total basal cover of plots between years and with tree killing, but no significant differences in sown pastures, fertiliser or stocking rate. Basal cover increased when defoliation levels were less than 40% but increases were smaller at higher levels of defoliation and basal cover often declined when defoliation was greater than 60%. Basal cover declined when growing seasons were <10 weeks, remained static with 10-15 weeks growth, and increased when growing seasons were 16 weeks or longer. There was some colonisation in all years but large differences between years. The differences in colonisation between systems were generally small but there was a general trend for higher colonisation at higher stocking rates. Bothriochloa ewartiana (Domin) C.E.Hubb. and Chrysopogon fallax S.T.Blake had low, Heteropogon contortus (L.) P.Beauv. ex Roem.&Schult., Cenchrus ciliaris L. and Aristida spp. had intermediate, and Bothriochloa pertusa (L.) A.Camus and Urochloa mosambicensis (Hack.) Dandy had high colonising ability. Survival of individual species was generally similar at both sites except for Urochloa mosambicensis. Heteropogon contortus and U. mosambicensis at 'Hillgrove' were short-lived (<10% survival after 4 years), B. ewartiana, Themeda triandra Forssk. and Aristida spp. had intermediate survival (10-50%), and C. ciliaris, C. fallax, B. pertusa and U. mosambicensis at 'Cardigan' were long-lived (>50% survival). Annual survival rates increased with plant age, were higher in good growing seasons than in poor seasons, were higher for large plants than small plants, and were lower at high defoliation levels than where defoliation was less severe. The differences between species in ability to colonise and survive, and the small influence of management compared to seasonal effects on survival, are discussed to explain species performance in pastures.
Introduction
Extensive beef cattle grazing is the main land use in the semiarid woodlands that occupy much of northern Australia. These woodlands have an open tree layer (usually of Eucalyptus species) and an herbaceous layer dominated by tall, perennial tussock grasses. These grasses (both native and exotic) are important pasture components -they are a major source of feed for grazing animals, contribute much of the ground cover to protect the soil surface from erosion and provide habitat and feed supply for small animals and microorganisms. Like other pasture components, the contribution of perennial grasses to the pastures can vary from year-to-year owing to environmental changes and altered management practices.
The ECOSSAT (Ecological Studies in the Semi-arid Tropics) project was established in 1981 to examine a range of pasture systems (from native woodland to fully developed pastures) on two soils of different fertility in the Charters Towers district of north Queensland. An earlier paper reported the effects of a range of pasture treatments on yield and botanical composition of the pastures (McIvor and Gardener 1995) and in this paper, changes in the basal cover of perennial grasses over the period 1982-1991 are presented. Basal area or cover is a useful measure of the persistence and performance of tussock grasses as it is not as affected by current grazing pressure and recent rainfall as foliage cover, it is related to pasture condition, and it is a useful predictor of the capacity of the plants to grow or regenerate (Christie 1978 (Christie , 1984 McIvor and Gardener 1990; Snyman and Fouche 1993; Virgona and Bowcher 2000; McIvor 2001) .
Changes in botanical composition and basal cover are due to both environmental and management responses. Plant demographic studies (recruitment, survival, death) provide knowledge of the population dynamics of the grasses to help understand the changes and also help to extrapolate the results of experimental studies to other environments and management regimes (Jones and Mott 1980) . Diet selection by grazing animals can markedly affect the defoliation of individual species and influence their growth, survival and contribution to pastures Gardener and Ash 1994) . In addition to the studies of basal cover, studies were also made in permanent quadrats in selected treatments of recruitment, survival and defoliation of individual grass species.
Materials and methods

Sites
The experimental sites were at 'Hillgrove' (19
• 40 S, 145
• 45 E; 80 km north-west of Charters Towers) and 'Cardigan' (20
• 11 S, 146
• 43 E; 40 km south-east of Charters Towers). Detailed descriptions of the sites are given by and . Both sites have a subhumid tropical climate with an average growing season of 14 weeks. The vegetation at both sites is an open woodland with Eucalyptus crebra F.Muell.
1 ('Hillgrove'), E. drepanophylla F.Muell. ex Benth. ('Cardigan') and Corymbia erythrophloia Blakely (both sites) the dominant trees. The herbaceous layer is dominated by perennial tussock grasses; the most important being Bothriochloa ewartiana, Heteropogon contortus and Chrysopogon fallax. The soil at 'Hillgrove' is a euchrozem (Gn3.12, Northcote 1979; eutrophic red ferrosol, Isbell 1996) derived from basalt and the soil at 'Cardigan' is a neutral red duplex (Dr 2.12, eutrophic red chromosol) derived from granodiorite.
Treatments
At each site, the experimental plots consisted of nine unreplicated pasture systems each grazed at four stocking rates (McIvor and Gardener 1995) . Eight of the pasture systems (Systems 1-8) formed a 2 × 2 × 2 factorial of pastures, timber treatment and fertiliser application ( Table 1 ). The ninth system was a fertilised sown pasture established after clearing the trees and cultivating the soil before sowing.
Pastures
The 'native' pastures consisted of the existing native and naturalised species with no intentionally sown species. The 'oversown' pastures were sown with a mixture of four legumes: Macroptilium atropurpureum (L.) Urb. cv. Siratro, Stylosanthes guianensis (Aubl.) Sw. cv. Graham, S. hamata (L.) Taub. cv. Verano and S. scabra Vogel cv. Seca (2 kg/ha of each); and four grasses: Bothriochloa insculpta (Hochst. Ex A.Rich.) A.Camus cv. Hatch, Chloris gayana Kunth cv. Callide, Cenchrus ciliaris L. cv. American and Urochloa mosambicensis (Hack.) Dandy CPI 46876 (1 kg/ha of each). Seed was spread on the soil surface at the start of the growing season after the existing herbage had been burnt; 'Hillgrove' was sown in December 1981 and 'Cardigan' in January 1985. Additional seed was spread at the start of the following growing season.
Timber treatment
Trees (i.e. all mature trees and any younger trees that were visible above the grass layer) on the 'killed' plots were killed by stem injection with arboricide. The trees were treated at 'Hillgrove' in April 1982 and at 'Cardigan' in January 1985 . Trees on the 'live' plots were not treated.
1 Nomenclature according to Henderson (2002) . 
Fertiliser application
The 'nil' plots received no fertiliser. The 'superphosphate' plots received 100 kg/ha of superphosphate at sowing and again annually during the late dry season.
Tree clearing and cultivation
In System 9 the trees were removed mechanically and the soil cultivated with two passes of offset tandem discs before sowing. This produced a reasonable seedbed at 'Cardigan' but the seedbed was poor at 'Hillgrove' where surface rock often prevented the discs entering the soil.
Stocking rates
The stocking rates were 0.1, 0.2, 0.33 and 0.5 steers/ha on the native pastures (Systems 1-4) and 0.2, 0.33, 0.5 and 1.0 steers/ha on the sown pastures (Systems 5-9). This range would be considered light to very heavy in commercial practice. Stocking rates were applied by varying plot sizes. Areas of plots grazed at 0.1, 0.2, 0.33, 0.5 and 1.0 steers/ha were 2.5, 1.25, 0.75, 0.5 and 0.5 ha, respectively. The plots were grazed by single steers (1-to 2-year-old, 200-350 kg) in a similar manner to studies by and McIvor (1985) , except for plots grazed at 1 steer/ha where two steers were used. Steers were moved between plots twice-weekly so that each plot was grazed for 25% of the time.
Plot management
Grazing commenced at 'Hillgrove' in June 1984 and at 'Cardigan' in September 1986 and each plot was grazed throughout the experimental period except when it carried insufficient feed to support an animal. When this occurred, the plot was omitted from the rotation until herbage regrew sufficiently to recommence grazing. Animals removed from the plots were maintained on laneways and adjacent spare land. At 'Hillgrove' in April 1988, 20 plots had insufficient feed and the site was destocked until October 1988. The lightly grazed (0.1 and 0.2 steers/ha) native pasture plots were burnt at the start of the growing season in 1986 , 1987 and 1989 at 'Hillgrove' and in 1990 . Fuel loads on all burnt plots exceeded 2400 kg/ha. Such burning is consistent with commercial practice where burning to remove accumulated dry herbage is common when seasonal conditions and stocking rates permit such accumulation.
Measurements
Plot study The total basal cover of perennial grasses was visually rated in 48 quadrats (each 50 × 50 cm) in all 36 plots in July-September each year. The ratings were converted to estimates of basal cover expressed as a percentage of ground area using standard scales (Haydock and Shaw 1975) constructed by rating 30 quadrats representing the range of basal covers and using a point quadrat (Brown 1954) to determine the basal cover. The same operator made the ratings and point estimates in all years.
Permanent quadrat study
Detailed studies were made on eight plots (combinations of three pasture systems and stocking rates) from 1982 to 1991 at 'Hillgrove', and from 1985 to 1991 at 'Cardigan'. The pasture systems were System 2 (trees killed, native pasture), System 5 (oversown woodland), and System 9 (trees cleared, cultivated seedbed, superphosphate, sown species). The stocking rates were 0.2 and 0.5 steers/ha on System 2; 0.2, 0.33, 0.5 and 1.0 steers/ha on System 5; and 0.2 and 1.0 steers/ha on System 9. Twelve steel mesh quadrats were installed on the soil surface in each of the eight plots. The quadrats measured 100 × 50 cm and were divided into fifty 10 × 10 cm subquadrats. In JuneAugust each year the individual basal areas (cm 2 ) of plants of nine species or groups (Aristida spp., Bothriochloa ewartiana, B. pertusa, Cenchrus ciliaris, Chrysopogon fallax, Heteropogon contortus, Themeda triandra, Urochloa mosambicensis and other perennial grasses) were estimated for each subquadrat. The basal area values for the subquadrats were summed and expressed as a percentage of the ground area to estimate ground cover. For each species that occurred in a quadrat, the degree to which it had been defoliated was estimated according to the scale: 1, <5% of growth removed; 2, 5-25%; 3, 25-50%; 4, 50-75%; and 5, >75% (Andrew 1986 ).
Weather records
Daily rainfall, maximum and minimum temperatures and evaporation were measured at a recording station at each site. The simple water balance model, WATBAL (Keig and McAlpine 1974) , and the methods by McCown (1973) were used to calculate weekly water index values and growing season lengths.
Data analyses
Plot study Basal cover levels for Systems 1-8 for each year were analysed using factorial analysis of variance. All main effects (pastures, fertiliser, timber treatment and stocking rate) and twofactor interactions were fitted. All three-way interactions and the four-way interaction were combined to form the error sum of squares. Residuals were calculated, plotted using stem-leaf plots and normal quantile-quantile plots, and tested using the Shapiro-Wilks statistic (Royston 1982) to check the normality and constancy of variance. Results over more than 1 year were analysed using a multivariate repeated-measures approach (Crowder and Hand 1990) . This approach produces a betweenplots analysis, and a within-plots analysis. The between-plots analysis is equivalent to an analysis of the results for each plot meaned over years. This analysis produces univariate F-tests for the effects concerned. The within-plots analysis tests the year main effect and all interactions with year based on the multivariate test statistic, Wilks' Lambda.
Pasture Systems 8 and 9 differed only in treatment before sowing -System 9 plots were cleared mechanically and the soil cultivated whereas on the System 8 plots, the trees were killed and there was no cultivation. The results from the two systems have been compared to assess the effects of clearing and cultivation. The data were analysed by analysis of variance using the pasture system × stocking rate interaction as the error term.
Permanent quadrat study
Determining or defining what is a grass plant can be troublesome in studies such as this. Grass plants may fragment with age (Samuel and Hart 1995; Orr et al. 2004b ) so that what was one plant may become two (or more) plants in subsequent years. Alternatively, in dense swards it may be difficult to separate two adjacent plants of the same species. In this study, the presence of a grass in a subquadrat (10 × 10 cm) was regarded as an individual plant. Although this was not always strictly true as one plant sometimes occupied parts of more than one subquadrat, and sometimes more than one plant of a particular species occurred in a subquadrat, it did apply on almost all occasions.
Percentage 'colonisation' in year 't' was calculated as (N/A) × 100 where N is the number of subquadrats that had been colonised by a species during the preceding year, i.e. subquadrats where the species occurred in year 't' that did not contain the species in year 't -1', and A is the number of subquadrats where the species was not present in year 't -1'.
The presence or absence of a species in each subquadrat was used to follow the 'survival' of grasses. A species was considered to have survived while it continued to be present in a subquadrat and to have died when it was absent from a subquadrat it had occupied the previous year.
A selectivity index (SI) (Andrew 1986 ) based on dietary consumption and abundance in the pasture of each species was calculated from the grass basal covers (a measure of abundance) and the defoliation ratings (a measure of consumption). Each defoliation rating was converted to the mean value of the corresponding percentage range [e.g. rating 3 = (25 + 50)/2 = 37.5%].
where SI i is the selectivity index for species i, RC i is the relative consumption of species i = (total % defoliation of species i)/ (total % defoliation of all species), and RA i is the relative abundance of species i = (basal cover of species i)/(total basal cover of all species).
SI values vary from -1 to +1 with 0 indicating no selection (a species is consumed in equal proportion to its abundance), positive values indicating selection for that species, and negative values indicating selection against that species.
Results
Rainfall and growing conditions
January-March is the wettest quarter over the long-term at both sites (Table 2) . However, during the experiment, rainfall during this quarter was below average in 8 of the 10 years at 'Hillgrove', and 6 of the 7 years at 'Cardigan'. Mean rainfalls during the other quarters were similar to or above the long-term average values. The variable rainfall produced widely varying growing conditions with the length of the growing seasons during the experimental period varying from 4-17 weeks at 'Hillgrove' and from 4-25 weeks at 'Cardigan'.
Plot study: treatment effects on total basal cover
There were significant changes in total basal cover for the plots between years and with tree killing, but the main effects for pastures, fertiliser and stocking rate were not significant ( Table 3 ). The cultivation treatment was significant at 'Hillgrove' and almost so at 'Cardigan'. Basal cover was lower on the cultivated plots initially, particularly at 'Cardigan' where the cultivation was more effective and destroyed more of the perennial grass plants. Values remained lower at 'Hillgrove' but by the final 2 years, values for Systems 8 and 9 were similar or higher for System 9 at 'Cardigan'.
There were significant interactions of year with tree killing and stocking rate with similar patterns at both sites as shown in Fig. 1 . The years could be grouped into three groups where the responses were similar at both sites. During the first 2 years at each site the stocking rates were not imposed and the responses to tree killing were small. During the mid years (1984 ( -1987 ( at 'Hillgrove' and 1987 ( -1988 at 'Cardigan') there was a large increase in grass basal cover where trees were killed and basal cover declined slightly at higher stocking rates. In the later years the response to tree killing continued. In these years there was little change in basal cover as stocking rate increased on the native pastures, but on the oversown pastures, basal covers were similar or declined slightly as stocking rates increased up to 0.5 steers/ha and then increased at the highest stocking rate (1 steer/ha).
Permanent quadrat studies Basal cover of individual species
The changes in basal cover of the individual species in each plot are shown in Fig. 2 ('Hillgrove') and Fig. 3 ('Cardigan') .
Bothriochloa ewartiana was the dominant grass at 'Hillgrove' (68% of total basal cover) but was only a small component at 'Cardigan' (3% of total basal cover). At 'Hillgrove', the basal cover of B. ewartiana was generally maintained in the native pasture plots (System 2), but declined in the plots with sown species and B. ewartiana was almost eliminated from plots at high stocking rates (0.5 and 1 steer/ha). The small amount of B. ewartiana at 'Cardigan' made it difficult to determine any response patterns. It persisted in all System 2 and System 5 plots but was eliminated from both System 9 plots by 1990.
Heteropogon contortus was the dominant grass at 'Cardigan' (47% of total basal cover and subdominant at 'Hillgrove' (14% of total basal cover). H. contortus declined at 'Hillgrove' and was eliminated from all plots except the native pasture plots grazed at 0.2 steers/ha where it remained at a low level. At 'Cardigan', H. contortus persisted strongly in the System 2 plots H. contortus also declined in the System 5 and System 9 plots from 1985 to 1987 but performance on these plots in later years was variable -it was eliminated or almost so from plots grazed at 0.2 steers/ha but persisted at a variable level between years in the other plots.
Chrysopogon fallax was a subdominant grass at both sites (8 and 18% of the total basal cover at 'Hillgrove' and 'Cardigan', respectively). C. fallax persisted in all plots at both sites. At 'Hillgrove' it varied considerably between years with peaks in 1986 and 1989 and a trough in 1988. There was little, or no consistent, effect of stocking rate on basal area of C. fallax at either site.
Bothriochloa pertusa was not present in the quadrats at either site initially. At 'Hillgrove' it was recorded only in the heavily stocked (0.5 and 1 steer/ha) System 5 plots in the final year. At 'Cardigan' there was much more B. pertusa in the area surrounding the plots and it increased in the plots in later years at high stocking rates; on the System 5 plot stocked at 1 steer/ha the basal cover of B. pertusa reached 4.3% in 1991. There were also small increases at lower stocking rates in Systems 2 and 5 in the final year. There was no B. pertusa in the cultivated plots stocked at 0.2 steers/ha but in plots stocked at 1 steer/ha it increased from 1986 onwards.
There was no U. mosambicensis in the System 2 plots at either site. On the System 5 plots, U. mosambicensis increased from initially low levels (particularly at 'Cardigan') with little effect of stocking rate. On the System 9 plots, U. mosambicensis established more rapidly at 'Hillgrove' (1.33% in 1982) than at 'Cardigan ' (<0.1% in 1985) . On these plots at 'Hillgrove it then declined at both stocking rates apart from a peak in 1986. In contrast on the System 9 plots at 'Cardigan' U. mosambicensis increased over time at both stocking rates.
There was a small amount of C. ciliaris in the System 2 plot grazed at 0.5 steers/ha at 'Cardigan' in later years but not in any other System 2 plot. In the System 5 plots at 'Hillgrove', C. ciliaris increased in the last 2-3 years although there were still only small amounts present on plots stocked at less than 1 steer/ha. In the System 9 plots at 'Hillgrove', C. ciliaris increased over time with a large increase at 1 steer/ha in 1989. At 'Cardigan', on the System 5 plots performance of C. ciliaris varied with stocking rate -the greatest amounts were at 0.33 steers/ha with small amounts at 0.2 and 1 steer/ha and virtually none at 0.5 steers/ha. On the System 9 plots at 'Cardigan', C. ciliaris increased throughout the experiment at 0.2 steers/ha to a high level (2.9%) but at 1 steer/ha it reach a plateau in 1988 and then maintained that level (∼1%).
Other species. Themeda triandra occurred in only one plot at 'Hillgrove'. It was present in the System 2 and System 5 plots at 'Cardigan' in small quantities (a maximum level of 0.12% averaged over all years) but absent from the cultivated plots. These amounts were too small to allow response patterns to be detected. There were only small amounts of Aristida spp. present initially at both sites (mean values of 0.01% at 'Hillgrove' and 0.05% at 'Cardigan'). The amounts of Aristida remained at low levels and no stocking rate effects or changes with time were apparent on all plots except the System 2 treatment at 'Hillgrove' where there was a marked increase from 1982 to 1986 after which levels were maintained. Other important perennial grasses were Bothriochloa decipiens and Dichanthium fecundum at 'Hillgrove' and Sehima nervosum and Dichanthium sericeum at 'Cardigan'. At 'Hillgrove' the basal cover of this group averaged less than 0.1% in the oversown and cultivated plots and there were only small amounts (average = 0.25%) on the killed native pasture plots; on these plots the basal cover of the other species generally increased from 1982 to 1986-1988 and then declined until 1991. At 'Cardigan' there was very little basal cover of other species in the cultivated plots (<0.1%). There were small amounts in the oversown plots (average = 0.15-0.43%) where the general trend was a decrease from 1985 to 1988 and then an increase. The levels of other species were much higher in the native pasture plots (average = 1.12%) and in both plots there was initially an increase in basal cover followed by a decrease.
Total basal cover
When the changes in basal cover of the individual species outlined above were combined they led to large and variable changes in the total basal cover of the permanent quadrats. These changes in basal cover from year to year were related to both utilisation levels (measured as per cent defoliation) and growing seasons (measured as growth weeks). Overall, basal cover increased by ∼30% when defoliation was less than 40% but the increases were smaller at higher utilisation levels (Fig. 4) . There was a lot of variation in the changes on the heavily defoliated (>60%) plots -there was a small increase in basal cover on average, but decreases for many plots. When there were less than 10 growth weeks basal cover declined, with 10-15 growth weeks there was little change in basal cover, and with 16 or more growth weeks basal cover increased by ∼40% (Fig. 4) .
Colonisation
Overall, T. triandra, C. fallax and Aristida spp. colonised less than 1% of subquadrats at both sites but the other species colonised up to 4% of subquadrats (Fig. 5) . H. contortus, B. pertusa and U. mosambicensis colonised more at 'Cardigan' and B. ewartiana more at 'Hillgrove'. The differences in colonisation between systems were generally small or inconsistent at the two sites but there was a general trend for higher colonisation at higher stocking rates with the highest values for all systems at the highest stocking rates at both sites. There was some colonisation in all years but large differences between years. These differences were related to growing conditions. The regression between per cent colonisation and growth weeks during December-February was positive and significant (P = 0.038) although it only explained 29% of the variance in colonisation. The highest colonisation rate was for B. pertusa in the oversown plots stocked at 1 steer/ha at 'Cardigan' in 1991 when 66% of subquadrats were colonised.
Survival
There were often insufficient values for individual species in a paddock to accurately follow survival and even where there were sufficient values, there were no clear and consistent patterns of survival between different paddocks as treatment effects on survival varied between species and between sites. The values from all treatments were combined to determine survival of each species at each site (Fig. 6) . Survival of individual species was generally similar at both sites except for U. mosambicensis which survived much longer at 'Cardigan' than at 'Hillgrove'. Heteropogon contortus was the shortest-lived species at both sites while C. fallax and C. ciliaris were long-lived.
Survival from one year to the next increased with plant age for all species. Mean site values in Fig. 7 show survival increased from 50-60% for 1-year-old plants to ∼70-80% for plants 3 years and more old. The mean value at 'Hillgrove' was 82% for plants from 7 to 9 years old.
Annual survival rates (means of all species) varied between years with site means ranging from ∼42% at 'Hillgrove' in 1984 to 86% at 'Cardigan' in 1990 (Fig. 8a) . These mean annual survival rates were related to the number of growth weeks during the year (r 2 = 0.61; P < 0.001) with survival increasing by ∼2% for each extra growing week (Fig. 8b) . The values for individual species varied from <1% for each extra growing week for T. triandra, B. ewartiana and C. fallax, between 1 and 2% for C. ciliaris and Aristida spp., to >2% for B. pertusa, H. contortus and U. mosambicensis.
The survival of each species at each site was determined in each year in relation to the size of the plant at the start of the year. Plants were divided into groups with basal areas of 1, 2, 3, 4, 5, 6, 7-8, 9-10, 11-12, 13-15, 16-20, 21-25, 26-30, 31-40 and >40 cm 2 . When survival was plotted against plant size there were asymptotic relationships for all species with very little difference between sites (see mean values in Fig. 9 ) except for U. mosambicensis where survival was slightly higher at 'Cardigan' for all plant sizes. Exponential regressions between plant size and annual survival were derived and the plant 1982 1984 1986 1988 1990 1982 1984 1986 1988 1990 Fig. 2. Changes in the basal cover of perennial grass species in permanent quadrats at 'Hillgrove'. size giving 80% survival was calculated from these regressions. In order of increasing plant size needed for 80% survival the species ranked as follows: C. fallax (3 cm 2 ), C. ciliaris (4 cm 2 ), B. pertusa (6 cm 2 ), Aristida spp. (6 cm 2 ), B. ewartiana (6 cm 2 ), U. mosambicensis (9 cm 2 ), H. contortus (13 cm 2 ) and T. triandra (14 cm 2 ). The annual survival rates of individual species were plotted against their per cent defoliation values during that year. The relationships were not close for any species but showed lower survival with higher levels of defoliation, particularly at Hillgrove. The data points from both sites were combined and were divided into defoliation ranges of 0-10%, 11-20%, and so on. There was little change in survival with change in defoliation up to 60% with survival ranging from 49% for H. contortus to 89% for C. fallax (Table 4) . When defoliation was >60%, survival of all species was lower except for C. ciliaris with the lowest values for U. mosambicensis (30%) and H. contortus (42%).
Diet selection
All species had both positive and negative values for selectivity indices in different plots. Overall C. fallax was the most preferred species followed by the two sown grasses.
Aristida spp. were the least preferred grasses with H. contortus also having a low ranking (Table 5) .
Discussion
This study has shown that there are large differences among perennial grasses (both native and exotic) for colonisation, survival, animal preference, and basal cover. Apart from tree killing, the pasture management options had relatively little or no impact on total grass basal cover, although they did affect the basal cover of individual species.
All species colonised new subquadrats in all years at both sites where they were present in reasonable quantities (only at 'Cardigan' for T. triandra and B. pertusa). This is consistent with studies of several species in central and southern Queensland which found that there is generally recruitment of most species every year but with wide variation in numbers between years (Orr and Paton 1993; Orr et al. 1997 Orr et al. , 2004b Silcock et al. 2005) . It is difficult to rank species for colonising ability as records of colonisation are influenced by the amount of a species already present in the pasture as well as the inherent colonising ability of a species. For example, B. pertusa was much more common at 'Cardigan' than at 'Hillgrove' and colonised many more subquadrats at 'Cardigan' than at 'Hillgrove'. To allow for this, colonisation can be divided by basal cover and colonisation per unit of basal cover used as an index of colonising ability (Table 6 ). When this is done, the species can be too little T. triandra to make a reliable estimate but it would probably be placed in the group with low colonising ability (Mott et al. 1985) .
All species had Deevey Type III survival curves (Deevey 1947; Silverton 1982) , there were no consistent treatment effects on survival, and all species had several plants that survived for several years. At 'Hillgrove', all of the six species recorded had some plants that survived for 8 years although the numbers were <1% for H. contortus and U. mosambicensis. On the basis of survival after four years (Table 6) , the grasses could be divided into a long-lived group with high survival (>50%) (C. ciliaris, C. fallax, B. pertusa and U. mosambicensis at 'Cardigan'), a group with intermediate survival (10-50%) (B. ewartiana, T. triandra and Aristida spp.), and a short-lived group with low survival (<10%) (H. contortus and U. mosambicensis at 'Hillgrove'). There have been studies of the survival of native grass species at other Queensland sites although not of all the species studied here. Several of these studies recorded survival after 5-6 years of the initial cohort of variable age present at the start of the trials. Survival of grasses at 'Hillgrove' and J. G. McIvor 'Cardigan' was generally lower than at sites in southern and central Queensland. Only 3% of H. contortus plants survived for 6 years in the present study compared with 30-40% elsewhere (Mott et al. 1985; Orr et al. 2004a Orr et al. , 2004b ; 46% of C. fallax plants compared to 67% (Silcock et al. 2005) , 15% of Aristida spp. plants compared with 30-40% (Orr et al. 2004c; Silcock et al. 2005) . Orr and O'Reagain (2005) measured much higher survival of B. ewartiana at 'Wambiana' (60 km south-west of 'Cardigan') (80% over 6 years compared with 20% in my study) but mortality has increased since under drought conditions (D. M. Orr, pers. comm.) . Orr et al. (2004a) noted the lower survival of H. contortus at 'Wambiana' than in southern and central Queensland which is consistent with these results and suggested the lower survival may be due to the longer and more severe dry seasons at the northern site. Large plants have survived better in some other (Hoen 1968; Silcock et al. 2005) but not all studies. These differences in colonisation and survival can be related to changes in basal cover and responses to management by these species. The major native perennial grasses (B. ewartiana, H. contortus and T. triandra) all ranked low or intermediate for both colonising ability and survival (Table 6 ) making them vulnerable to unfavourable conditions as these results demonstrate. Bothriochloa ewartiana persisted well in native pasture with trees killed (System 2) but declined when competing with sown species (Systems 5 and 9) and was almost eliminated at the highest stocking rate (1 steer/ha). Despite being able to colonise, H. contortus generally declined, sometimes to extinction, under pressure (sown species, higher stocking rates) owing to low survival. Themeda triandra is well known for its sensitivity to defoliation (Shaw 1957; Tothill 1969; Mott et al. 1992) . The other grasses had widely varied responses. Bothriochloa pertusa can colonise both from seeds and by extending stolons and so is able to exploit gaps in a pasture and being long-lived it can dominate areas it has colonised (Walker and Weston 1990) . It may be less drought tolerant than other species considered here and periodic droughts may limit its colonisation and dominance and its potential to spread to lower rainfall areas. However, its stoloniferous growth habit enables it to recover quickly when growing conditions improve after drought. Despite selective grazing (Table 5) , C. fallax is tolerant of defoliation and high survival enabled it to persist over a range of conditions. However, C. fallax has little ability to colonise if it is lost from a pasture. The Aristida spp. were largely rejected by stock and so were under less pressure than other species and were able to persist. This group contains several species that may have varying responses to management (McIntyre and Filet 1997; Orr 2004) and the overall performance may mask differing responses by individual species.
The two sown grasses had contrasting behaviour. Urochloa mosambicensis is known to spread naturally under heavy grazing (Whiteman and Gillard 1971) but its variable survival leads to variable performance with a decline at 'Hillgrove' where it had low survival but an increase at 'Cardigan' where is had high survival. Cenchrus ciliaris has lower colonising ability than U. mosambicensis (Gardener and McIvor 1986) as reflected in the slow colonisation of the System 5 plots but it can take advantage of suitable situations e.g. in 1989 the System 9 plot at 'Hillgrove' stocked at 1 steer/ha were very bare after the 1988 drought, and with little competition, the abundance of C. ciliaris increased and it subsequently dominated the plot. The high survival of C. ciliaris when it has established makes it a valuable pasture grass but also an environmental weed (Humphries et al. 1991) . The changes in total basal cover in relation to growing conditions and defoliation (Fig. 4) are consistent with other studies of tussock grass pastures. Although the magnitudes of the responses vary between species (Olson et al. 1985; Gibbens and Beck 1988; , total basal cover decreases during droughts and increases under wetter growing conditions (Gibbens and Beck 1988; McKeon et al. 1990; . found total basal cover declined as utilisation rate was increased while McKeon et al. (1990) found an interaction of utilisation rate with growing season -at low utilisation rates the change in basal cover varied from decreases in poor years through no change to increases in good years; at high utilisation rates there were large declines during droughts. In this study there was no mean decrease in basal cover with high utilisation, although there were declines for some individual plots (Fig. 4) . Larger differences in basal cover between plots with different stocking rates could have been expected. Two factors would have contributed to the absence of such differences. First, utilisation varies between seasons at a fixed stocking rate and increases in years with low utilisation can cancel out decreases in high utilisation years, and second, the stoloniferous grass B. pertusa invaded the high stocking rate plots and provided substantial basal cover where the tussock grasses had declined.
These diet selection results contrast markedly with results from Katherine (Andrew 1986; Ash and McIvor 1998) . Although there were changes with grazing pressure (preferences were less distinct at high grazing pressures) and season (less distinct during dry season), T. triandra was a preferred species and C. fallax was strongly avoided at Katherine. This may reflect differences in the growth habits of C. fallax at the two sitesat Katherine C. fallax is larger and appears more fibrous than it does in Queensland.
Practical implications
The ability of most or all species to establish new plants each year and the small influence of management compared to seasonal effects on survival in this and other studies (Orr et al. 2004b; Orr and O'Reagain 2005) provide explanations for their performance or predictions of their behaviour in pastures. Urochloa mosambicensis has high colonising ability and can rapidly fill gaps in pastures but persistence may be variable. In contrast, C. ciliaris is less of a coloniser than U. mosambicensis but long-lived and persistent when established enabling it to exploit suitable conditions. Several the important native perennial grasses (B. ewartiana, H. contortus and T. triandra) have low or intermediate colonising ability and survival and these characteristics make them vulnerable to loss under heavy grazing or drought when plants die and the species are less able to replace them in subsequent seasons. Bothriochloa pertusa is a good coloniser, particularly at high stocking rates, and is also long-lived enabling it to persist and dominate.
The management options had variable impacts on grass basal cover. Basal cover was higher where trees were killed reflecting the more favourable conditions for grass growth without competition from trees and also the lower grazing pressure where there was greater growth at the same stocking rate. Oversowing legumes and grasses and applying superphosphate had no significant effects on total basal cover -they markedly altered botanical composition (McIvor and Gardener 1995) and basal cover of individual species but the grasses largely substituted for each other and total basal cover did not change.
